function concept 1 . Jeruzalski and Tyrowicz (2009) and Tyrowicz (2011) applied the stochastic frontier analysis at the NUTS4 level, although the second study was focused on the hysteresis effect at the local level. Jeruzalski and Tyrowicz (2009) found that matching abilities depended on demand fluctuations, while the impact of unemployment structure, ALMPs and individual labour office capacities was less significant.
Our contribution to the literature is twofold. We provide the results at different levels of data spatial aggregation: from NUTS-1 to NUTS-4 and two levels of temporal aggregation that we have not encountered in the literature. We check how the efficiency of matching changes in different spatial units and we seek for potential determinants of this (in)efficiency in labour market matching. We find heterogeneity in the labour market across all analysed dimensions and a few significant determinants of the matching inefficiency.
Stochastic Frontier Matching Function
There are two main technological processes that describe labour market matching: random and non-random. In random matching the trade occurs randomly between demand and supply. This framework is formalised in a stock-based or in a job-queuing model. In the stockbased model the unemployment stock trades with the vacancy stock. In the job queuing model matching takes place between unemployment stock and vacancy inflow. Here we assume large discrepancies between unemployment and vacancies. As a result, the demand side always clears, while the unemployed individuals wait for new job opportunities. The stock-flow model presents non-random matching. Heterogonous agents have perfect information about the market and in the equilibrium the stock trades with the inflow: the unemployment stock trades with the vacancy inflow and the vacancy stock trades with the unemployment inflow.
Particular models can be formalised in a matching function, usually of the CobbDouglas form. The stock-based model is , , the job queuing model is , , and the stock-flow model is , , , (Blanchard and Diamond 1994, Coles and Smith 1998, Gregg and Petrongolo 2005) ; where is the unemployment stock, is the vacancy stock, is the unemployment inflow, and is the vacancy inflow. We apply stochastic frontier model to each of the frameworks. Thus, the random (stock-based) model is:
the stock-flow model is:
and the job queuing model is:
where , is the outflow from unemployment to employment, , and , are, respectively, vacancy and unemployment stocks at the beginning of a period, , and , are, respectively, vacancy and unemployment inflows. 's are parameters of the matching function. denotes a region and, denotes time. The variables are expressed in natural logarithms. , ~ 0, and , are independently distributed non-negative random variables, obtained by truncation at zero of the normal distribution.
When we impose certain restrictions on the , we have three distinguishable cases of the models (1) (2) (3) . The most restricted model assumes time-invariant efficiencies (Battese et al.
1989):
,
where ~ , is truncated at zero. Technical efficiency of matching is computed as exp .
The second model assumes time-variant efficiencies (Battese and Coelli 1992) . In this case varies in time according to the following process:
where , ~ , is truncated at zero, is a parameter that represents a change in the efficiency. In this model, the change in the efficiency of matching is deterministic and computed 
The dataset
We based the research on the registered unemployment data. Individual administrative data have certain characteristics. A person can register as an unemployed individual or as a job seeker. She fills out the registration form specifying certain characteristics including occupation, expected wage, professional experience etc. A person has to confirm periodically her readiness and eagerness to work. She is supposed to accept the proposed job offer or socially useful work. Otherwise, she has to present a valid explanation of the refusal or she is crossed out from the registry.
Registration in a public employment office is a necessary condition for the free health insurance for the non-employed workers. Registration is also required in certain social welfare programmes. Thus, there may be a fraction of the unemployment pool who actually do not seek employment actively. There might also be workers who work in shadow economy, even though they are registered job seekers (due to other incentives) or even work abroad (keeping in mind that they have to come back periodically). External economic migrations are likely to happen due to a few reasons. High exchange rate of British pound and euro is a considerable incentive.
Polish housing market is underdeveloped and it discourages undertaking an internal migration.
Job seekers and companies use various search and recruitment methods. Enterprises are supposed to publish every job vacancy in a public employment office, but this regulation is not virtually obeyed We also used other variables to account for changes in the efficiency of the labour market matching process. These variables were referred to as: active labour market policy (ALMP), characteristics of the unemployed individuals and specific aspects of regional economies. Certain variables were available in monthly, quarterly or yearly perspectives. We aggregated the annual active labour market policy (ALMP) data, originally available at NUTS-4 level, up to NUTS-0. We used Denton-Cholette (Dagum and Notes: -unemployment inflow, -unemployment stock, -vacancy inflow, -vacancy stock, -unemployment-employment flow. Table 1 were also higher at more disaggregated units. The stock of vacancies had the largest relative 3 We applied an R package 'tempdisagg' provided by Sax and Steiner (2013) .
variation. Distribution of most of the variables was right-skewed, especially at lower NUTS aggregation levels. Its values visibly focused around mean (leptokurticity) at NUTS-4 level.
Spatial and temporal aggregation
We estimated each matching function model -random, stock-flow and job queuing at NUTS-0 to NUTS-4 levels of data spatial aggregation. Mean efficiency was higher for random and job queuing matching than for the stock-flow model at less disaggregated levels (NUTS-1 and NUTS-2), but lower at more disaggregated levels (NUTS-3 and NUTS-4). However, the LR tests results indicated that the stock-flow matching prevailed (table 2) . The random matching was rejected in each case. The job queuing model was accepted at NUTS-3 level only. In table 3, we compiled the estimates of the stock-flow error components frontier models. The results were obtained for certain levels of data spatial aggregation and two levels of data temporal aggregation. Unemployment stock and vacancy stock affected the matching process less at lower levels of data spatial aggregation. Vacancy inflow experienced higher elasticity at higher levels of data spatial aggregation. Unemployment inflow negatively affected the trade process at NUTS-1 to NUTS-3 units. When we moved to less aggregated data this negative effect diminished or became statistically insignificant. The unemployment inflow positively affected the matching process at NUTS-4 level. Parameter estimates of the vacancy stock, vacancy flow and unemployment stock were generally lower in the monthly results than in the annual ones.
We did not reject constant returns to scale hypothesis at higher levels of spatial aggregation, especially at the country level (NUTS-0). The decreasing returns to scale prevailed especially at lower levels of data spatial aggregation. They occurred at NUTS-3 and NUTS-4 units for annual data and for NUTS-1 to NUTS-4 for monthly data. TI  TI  TI  TV  TI  sample TV  TV  TV  TV  sample At the national level the results produced no inefficiency in matching. The inefficiency was significant at all regional levels. The stochastic frontier model yielded more efficient results than the OLS equivalent i.e. the one that assumed fully efficient matching.
Annual data analysis proved that the process efficiency was constant over time (the only exception was at NUTS-3 level, where the inefficiency of matching decreased over time, and its efficiency increased). The annual data produced lower efficiency of the matching process at lower levels of data aggregation, although the efficiency was higher compared to the monthly results. The monthly data produced time-varying (increasing) efficiency of the matching process. The monthly analysis indicated that the efficiency was the highest at NUTS-3 and NUTS-4 levels.
Determinants of the matching efficiency
We present detailed results for the stock-flow model only, as it seems to most properly describe the labour market matching process in Poland at different regional levels. The LR test indicates that efficiency effects model is more appropriate than its OLS equivalent, and matching inefficiency exists at every spatial aggregation level (table A2 in Table 4 Determinants of efficiency of matching at different levels of spatial aggregation, annual data Data on ALMP instruments were available since 2009. At NUTS1 and NUTS2 levels these instruments proved to be insignificant as determinants of matching process. 
NUTS-1 NUTS-2 NUTS-

Discussion
Estimates based on annual data indicated decrease in the matching efficiency once we move from less to more disaggregated data. The monthly data analysis produced the highest efficiency at NUTS-3 and NUTS-4 units. These differences may result from the search and matching frictions. In the monthly perspective the search process is improved due to spatial proximity of firms and workers. In the yearly perspective, agents have time to match and it might be easier to do at a country level. The annual data yielded higher efficiency of matching than the monthly ones. This may indicate that a mismatch is a more significant problem than search frictions.
Different factors affected the efficiency of matching at certain levels of data spatial aggregation. We found the impact of the growth of real GDP, the number of newly registered economic entities, the gross enrolment ratio for vocational school students, the percentage of technical studies graduates, participation in active labour market programs (overall), net temporary migrations and inflow of intraregional permanent migrants to be statistically significant. These variables positively influenced the efficiency of the matching process.
Generally, the efficiency increased during 2000-2013 and was changing over the business cycle.
The expansion phase improved the efficiency, while contractions decreased it. We also found the heterogeneity in the regional perspective. Generally, the local labour markets located in the western part of the country experienced higher efficiency than those from the eastern part of the country (with some exceptions).
The ALMP improved the matching efficiency, but some interesting results emerged.
The estimates indicated lower efficiency in the capital cities of certain voivodeships (with highest economic development and the cities with lowest rate of unemployment, NUTS-2 regions). This may suggest that tight labour markets face some barriers and certain ALMPs are insufficient to decrease the mismatch. In such labour markets high heterogeneity of labour demand lowers the applicability of ALMPs. They are easier to effectively apply in markets with few enterprises, wherein specialized labour supply skills are needed.
Some of the results indicated that various subsamples of the main dataset may significantly alter the estimation results. Therefore, to improve the results robustness, we checked how the estimates would differ if we used various subsamples of the dataset, e.g.
without cities with district rights, without sub-region cities or only with the short-term unemployment stock. Table A3 (in the Appendix) provides summary statistics for these subsamples. Spatial units without cities with district rights had lower unemployment, number of vacancies and outflow from unemployment to employment. Exclusion of the biggest cities in Poland, i.e. subregion-cities increased unemployment and decreased number of vacancies, but the number of matches slightly increased. Additionally, we found that contraction phase of the business cycle worsened the situation in the regional labour markets, but only marginally.
Once we split the country into the western and eastern part, we found that more vacancies and more matches occurred in the western labour markets. In western Poland unemployment inflow was higher, but the stock -lower. The short-term unemployed (registered as unemployed for at most 12 months in the last two years) constituted, on average, slightly more than a half of all unemployed individuals. Table 7 contains comparison of models for different subsamples with general model.
Inclusion of the short-term unemployed generally increased the matching efficiency. However, these unemployed individuals matched more often than other unemployed at more aggregated levels only. Exclusion of the biggest Polish cities, i.e. subregion-cities and cities with district rights did not change the matching efficiency considerably. The western regions proved to be more efficient. A finding to the contrary was made with respect to the business cycle impact.
The matching process proved to be more efficient in the contraction phase. In the presence of lower number of vacancies and similar number of unemployed, similar number of matches occurred. We think that this may result from long lags of unemployment in the business cycle, which distort the relation between labour market and GDP.
Conclusions
The stochastic frontier analysis proved statistically significant inefficiency in the matching process at all regional levels. In the long-run this inefficiency has been gradually decreasing, while in the short-run it was correlated to the business cycle. The stock-flow model explained the matching process in the Polish labour market. In some cases, at spatially disaggregated levels, the job queuing model proved to be a more adequate specification. When we moved to more disaggregated markets the impact of vacancy and unemployment stocks declined, the vacancy inflow became unimportant, while the impact of unemployment inflow became more positive and returns to scale decreased (from constant to decreasing).
Temporal aggregation revealed some differences in the results. The annual data produced decreasing returns to scale at levels NUTS-3 and NUTS-4. The yearly estimates indicated that the lower the level of spatial aggregation the lower the efficiency of matching.
The monthly analysis showed that the efficiency is highest at NUTS-3 and NUTS-4 levels and much lower at larger spatial aggregation units (NUTS-1 and NUTS-2). The inefficiency of matching was generally constant over time in the yearly analysis, but it increased in the monthly estimates. The efficiency was higher in the yearly analysis than in the monthly one.
We found different factors to affect the efficiency of matching at different levels of spatial aggregation. At NUTS-1 level the business cycle phase was the most important determinant. At NUTS-2 level also the vocational and technical education supported the efficiency. The graduates of these types of schools or universities matched more efficiently than other graduates. At NUTS-3 level the estimates proved the importance of GDP and new economic entities. At NUTS-4 level migrations became the driving force behind the changes in the matching process efficiency. ALMP policy measures did not affect the efficiency of matching in a significant way at NUTS-1 and NUTS-2 levels. At NUTS-3 and NUTS-4 levels application of overall ALMP measures improved it. 
